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A programfor computingatomic autoionizationwidths,decayratesandlifetimes is presentedas a new partof the MCHF
atomicstructurepackage.Themethodusedis basedon the “configurationinteractionin thecontinuum”theoryby Fano,in
which the continuumis computedindependentlyof thediscretepart andthewidth is givenby the“Golden Rule” formula.
The program allows for correlation in the discretepart of the atomic state function and in the target, through
multiconfigurationexpansions,but is restrictedto only one continuumfunction.

PROGRAM SUMMARY

Title of program: MCHF_AUTO CPC Program Library subprogram used: Catalogue number:
ABZU; Title: MCHF_ LIBRARIES; Ref in CPC: 64 (1991)

Cataloguenumber:ACLD 399

Program obtainable from: CPC Program Library, Queen’s Keywords: atomic structure, autoionization,line widths, di-
Universityof Belfast,N. Ireland (seeapplicationform in this electronicrecombination,electronemission,resonances,corn-
issue) plexatoms,wave functions,cbntinuumprocesses

Licensingprovision: none

Natureofphysicalproblem
Computerfor which the program is designedand others on This programis an extensionof the MCHF atomic structure
which it has been tested: package[1] to calculationsof autoionization rates and line
Computer:VAX 11/780, SUN SPARC-station330; Installa- widths.
tion: Vanderbilt University

Methodof solution
Operating systemunder which the program has been tested: Given a configuration list, radial functionsand energiesfor
VMS, Sun UNIX one or more discretestates,in an LS or LSJ scheme,the

program solvesthe Hartree—Fockequation for a continuum
Programminglanguagesused: FORTRAN77 orbital. This is used to calculate the interaction element

betweenthe discretestateandthe openchannel.From this a
Memoryrequiredto executewith typical data:514K words numberof different autoioni~ationpropertiescanbeobtained

No. of bits in a word: 32 by using the “Golden Rule” 12].

Peripheralsused:terminal, disk Restrictionson thecomplexityof theproblem
The dimensionsof the atomic structurepackagerestrict the

No. of lines in distributedprogram, including test data, etc.: numberof configuration stat~sto 100, but this can readily be
3600 changed.Only onecontinuuthorbital is allowed.

_________ Unusualfeaturesof theprogram
Correspondenceto: C. FroeseFischer, Departmentof Corn- Somenonorthogonalitiesar~allowed [1].Exchangeinterac-
puter Science,Vanderbilt University, Nashville, TN 37235, tion within the core canbe included.
USA.
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Typical running time References
The CPUtime requiredfor thetest run is 1.1 secondsfor the [1] C. FroeseFischer,Comput.Phys.Commun.64 (1991)369.
first case and 29.1 seconds for the second on a SUN [2] U. Fano,Phys.Rev. 124(1961) 1866.
SPARC-station330.

LONG WRITE-UP

1. Introduction

This programis an extensionof the MCHF atomic structurepackage[1]. Its role is to calculate
autoionizationrates, line widths and lifetimes from a given MCHF wave function, by solving the
Hartree—Fockequationfor the continuumand obtainingthe interactionwith boundperturbers.It has
beentested and used for a wide variety of problems, from autoionizationin simple systems[31to
autodetachmentin negativeions[4] andnonradiativedecayof coreexcitedstates[5—7].

2. Theory and method of calculation

2.1. The configuration interactionmodelfor autoionization

The foundationfor the theory of autoionizationwas set by the classicalpaperby Fano [2],wherehe
developshis configuration-interaction(CI) theory for autoionization.This approachis alsodescribedin
the textbookby Cowan[8].Basedon thiswe can derivea formula for the width of the autoionizingstate
in an N-electronsystem,accordingto the “Golden Rule”;

1= 2~rr~(1P~(N;yLS)IH—EO~!Pk(N;E0y’L’S’))~
2 (1)

in the LS-couplingscheme,and

F=2’rrl(’Pb(N; YLSJ)IH—EOIIPk(N;E
0y’L’S’J’))~

2 (2)

in the LSJscheme.(A warning to the readerthat usesCowansbook is in place here.He definesI’ as
half the line width athalf maximum, i.e. half ourvalue.)The ~ in theseequationsis the discretestate
and ~‘~k representsthe open channel.Both can be expressedin a set of configuration statefunctions
(CSF), ~(N; a.LS), which for the time being we assumeto be known. This set can be divided in a
localizedanda continuumsubset.We denotethe dimensionof thecombinedset by NCFG, andof the
localizedsubsetby ID. We can thenexpressour discretestatein a Cl-expansion,

ID

‘Pb(N;
7LS) = ~ c,cIi(N; a.LS) (3)

i~1

or

ID
‘Pb(N; yJ) = ~ c~t~b(N;a1L~S1J). (4)

1=1

The 1Pk statewill be of the form,

‘Pk(N; Eo-y’L’S’)=~’P~(N—1; pL~).4~(kl)L’S’) (5)
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where ‘Pb(N — 1; J3LS)is the function representingthe N— 1 electronsystem,which in the future will
be labeledthe targetstate(of dielectronicrecombination).In a generalcase,this statewill be expressed
as a MCHF-expansionfor the N — 1 electronsystem,

NCFG
‘Pb(N— 1; /3Lc) = ~ a3~(N—1; f3~LS). (6)

j=ID+1

The 4(kl) is a one-particle,continuumfuncton andthenotationin eq. (5) implies couplingof theorbital
andspin momentaof this function with L, S to form total L, S.

Wewill assumethat H in eq.(1) is the nonrelativistic,CoulombHamiltonian.Therefore,from eq.(3)
(or (4)), we canwrite the interactionelementas,

VE=~’Pb(N;LS)IH—EOI’Pk(N; E0L’S’))

ID NCFG

= ~ c~a1(cI(N;a1LS)I(H_Eo)I’P(N—1;I1LjSj)~4(kl)L’S’)
i=1 j=ID+1

ID NCFG

=

6LL’~SS’ ~ ~ c~a~(cb(N;a
1LS)I(H—E0) tJ~(N_1; p1L1~.).4~(kl)LS) (7)

i=1 j~ID+1

or

VE=(’Pb(N; yJ)IH—EOI1Pk(N;E07’J’))

ID NCFG

= ~ ctaf3L1L~6S,S;(iP(N, cx1L,S1) I (H — E0) ~b(N— 1; f3~L3S1). 4(kl)LS~,’).
1=1 j=ID+1

(8)

The matrix elementon the right hand sideof eqs.(7) and(8) will be denotedH11.
From the restof the MCHF atomicstructurepackage,we can readily obtain the CSF’s,both for the

discretestate,~(N; a,L1S1),and for the targetstate,P(N— 1; /33L~S~’).It will alsosupplyuswith the
Cl-coefficients,c, and a3. We canalso do the angularintegration,with the MCHF- NONH program[9],
for the H~1-element.

The only unknownpart of eqs.(7) and(8) is thereforethe one-electroncontinuumfunction, 4i(kl), or
ratherits radial part, sincewe assumeit canbe written;

1
cb(kl) = -~Pkl(r) I ls), (9)

wherethe I ls> is the known spin-angularpart.

2.2. The one-electroncontinuumfunction

The radial part of the continuumfunction will be a solution to the differe~itialequation

d
2 2 1(1+1) 2

+ —(Z — Yk,(r)) — r2 + k2 Pkt(r) = —Xkl(r) + ~Ek,,fl,P~l(r), (10)

wherewe usethe earlierdefinednotation[10], accordingto which ~kl is the direct function and Xkl is
the exchangefunction. In deriving this equationit hasbeenassumedthat the~interaction,H~

1,j, j’> id,
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Fig. 1. Term diagramshowing the autoionizinglevel 1s2p2 2D of lithium, and someimportant energypropertiesdiscussedin the
text.

involves only orbitals of the target.Thiswill be thecase,for example,whenthe targetCSF’sdiffer by two
electrons.Then

E
0 =Ecore + ~k

2, (ii)

where Ecore is the MCHF energyof the target(or core)and ~k2 is the energyof the free electron.To
illustrate thesedifferentpropertieswe useas an examplethe 1s2p22D~stateof neutrallithium. In fig. 1
we give the most importantpropertiesof this system.The core, “inside” the continuumfunction, is is2
‘S. In this casethe E~reis representedby the total energyof this state,while E

0 is the total energyof
the discrete1s2p

22D state.
For simplicity we will refer to the whole right handside of eq. (10) as the exchangefunction, and

define,

X~(r) = —Xkl(r) + EEkt,fltPfll(r). (12)

We arelookingfor positiveenergysolutions(k2 � 0) to eq.(10) andwill usetheboundaryconditions,

Pkl(r) —~ ~— [Fkl(r) cos ~ + Gkl(r) sin 6J, (13)

where Fkl(r), Gkl(r) and ~ are the regular andirregularCoulombfunctionsand the short-rangephase
shift [ii], respectively.This choicewill give usa function, normalizedperunit energy.

To imposethe boundarycondition in eq. (13) we usethe fact that the value of the unnormalized
continuumfunction, ~k1, in a point far from the nucleus,is given by

Pkt(r) =C[Fkl(r) cos ~5+Gk,(r) sin 6J. (14)
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If weusetwo pointsin thisregion,r~, andTMJ 1’ we can derivethe following expressionsfor the phase

shift:
Pkl(rMJ)Fkl(rMJ_1) — Pk,(rMJ_l)Fkl(rMJ)

tan(5=_ — 15
PkI(rMJ_1)Gkl(rMJ) —Pkl(rMJ)Gkl(rMJ_1)

andthe normalizationconstant

c= 1~kl(TMJ) (16)
Fkl(rMJ) cos (5+ Gkl(rMJ) sin (5

Thenormalizedcontinuumfunction is then:

PkI(r) = ~Pkl(r)/C. (17)

Beforediscussinghowto choosethe valuesof rMJ and rMJ —1’ big enoughfor eq. (15) to be valid, let us
first describethe different interestingpropertiesthat can becomputedafter the continuumfunction has
beenobtained.

2.3. Autoionization properties

The interactionelement,VE0, of eq. (7) for the LS-caseand eq. (8) for the LSJ-case,can now be
computed.From this elementa numberof observablepropertiescan be derived, following the Fano
approach.First, the width of the resonanceat half maximumis given by

F=2idV~0I
2. (18)

To go further,we haveto introducephysicalconstants,which introducesuncertaintiesoutsidethe actual
calculations.The userthat is interestedin highly accuratecalculationsis thereforerecommendedto use
the valueof the interactionelementsuppliedby the code,and derive otherpropertieswith the current
bestvaluesavailablefor the physicalconstants.

The decayrateof autoionizationis givenby

F 2,rV
8~

°~2.5976x10
17V~— . (19)

h °au

Finally the lifetime, if weonly considerthisautoionizationbranch,is

1

r=~. (20)

All thesepropertiesaresuppliedby the code, as wewill seewhenlooking at somespecific examples.
Beforethat, though,we will discusssomedetailsof the numericalcalculationsanddescribethe structure
of the program.

2.4. The asymptoticregion

One of the most important problems in the numerical solution of ~q. (10), is to find a good
approximationfor the onsetof the asymptoticregion,wherewe can imposethe boundarycondition in
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eq. (13) and useeqs.(15)—(17). Therearea numberof conditionsthat could beused.The Fkl and Gkt

aresolutionsto the Coulombcase,for whichthe differential equationcan be written
d2 2Zeff 1(1 + 1)

dr2~r r2 +k2 Pkl(r)=O (21)

andcomparingwith eq. (10), we find the following conditions:
• The exchangefunction, X,~”(r), of eq. (12) should be negligible.
• The direct function shouldbe constant,so that we candefinean effective Z, Zeff(= Z — Ykl(r) when

r —~ oo).

These conditionsplace an inner limit on our “asymptotic” region.The numericalmethod,or more
precisely,the choiceof grid, placeanouterlimit on the region.We use in this program,as in thewhole
MCHFASPpackage, a logarithmic grid [ii, which is very efficient for discreteorbitals,but is a severe
constraintfor the continuumproblem.To improve our accuracywe reduceby half (in the logarithmic
variable)the step-sizefor the region outsidethe classicalturningpoint, TNJ, where

2 1(1+1)
k2~~——[Z—Ykl(rNJ)J + 2 (22)

rNJ TNJ

As an outercut-off, we usethe point, rMX wherefor all discrete,radial orbitals,P,,
1(r), we have

IPfll(r)I <CMX if r>rMX. (23)

The choiceof CMX is somewhatarbitrary, but can readily be changed.We alsofind the point, outside

which the direct function is “constant”:

I~Ykl(r)I
<�~p if r>TMP, (24)

where~Ykl(r) is the differencein the valueof Ykl(r) in two consecutivegrid points.The choiceof outer
cut-offmightbe too optimistic,sincethe step-sizegrowsrapidly for larger. We will therefore reduce the
outerregion,to a newvalue TM:

kt~r<eM if r>rM, (25)

where i~ris the distancebetweentwo grid points. Finally, we will find a point, whereto impose the
boundarycondition(eq. (13))andfind the normalizationfor our solution.This point, rMJ will be defined
as the point wherethe exchangefunction is small:

~k1 kr
<�MJ if r>rMJ, (26)

fkt(r)

wherefkl(r) is definedas

2 1(1+1)
fkl(r)= ——[Z—YkI(r)] + r

2 +k2. (27)
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Table 1
a’s, limits andsubroutinesusedfor evaluating“asymptotic” points.

X Limits of r
1 a,~ Subroutine

MX r1 < rMx < rNoD i0
5 CALCAUTO

NJ r~< rNJ <rMX COULOM
MP rNJ<r545.<rMX 106 COULOM
M rNJ<rM<TMX 2 CSPLVE
MJ rMp <r~<rM 0.0025 CSOLVE

The range, in which we arelooking for thesepoints, the valuesof the “right-hand-sides”and the
subroutinewherethe evaluationsaredone,aregivenin table 1. The valuesusedfor evaluationcan easily
be changedby the user.

3. Input data

The autoionisationcalculationmight be basedon different representatioUsof the discretestate,as
outlined in the first section.In the programthiswill be referredto as differentoptionsandvaluesof the
variable ICASE, as summarizedin table 2. The program requiresat least three types of files [1],
<name>.c, (name).wand INT.LST. For the secondand third option it also needa (name>.l and
(name>.jfile, respectively.

For all threetypesof calculation,the list of discreteCSF’sandthe representationof the continuumis
supplied from the (name).cfile. The latter should be addedat the end of the (name).cfile. This
includesboth the list of targetCSF’s,with ancontinuumorbital added,andthe a~mixing coefficientsof
eq.(6).The angularcoefficientsof the interactionelementarealways readfrom the INT.LST and the
orbital functionsare alwaysreadfrom the <name).wfile. Otherpropertiesare suppliedfrom different
sources,dependingon the typeof calculations.

The first option is to obtain thediscretestatefrom anMCHF calculation(12]. TheCFG.OUTfile [1]
thencontainsnot only thelist of CSF’sthat representthis state,but alsothe c, coefficientsof eq.(3) and
the energyE

0. This file shouldthenbecopiedto the (name>.cfile, beforethe continuumis addedat the
end. The useris in thiscaseaskedto supply the energyof the core, Ecore, from the terminal.

The secondand third option both assumethat the discrete state has been obtainedfrom a CI
calculation[13].Option 2 is basedon an LS-representationof the discretestateas in eq. (3) and the c
coefficientsand E0 energyareobtainedfrom an (name).lfile. Option 3 assi~mesan LSJ-representation
as in eq. (4), andthe c,’s and E0 arereadin from a <name).jfile. In both thesecasethe Ecore energyis
suppliedfrom the headerof the (name).cfile.

Table 2
Input for different typeof calculations

Option Files Filescontaining
required c~ EBOUND aj ECORE

1 w, i, c cfile cfile cfile Terminal
2 w, i, c, 1 Ifile lfile cflle cfile
3 w, i, c, j jflle jfile cflle cfile
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We will return to the useof differentfiles whendiscussingspecific examplesin a latersection.Let us
now only list, propertyby property, the source files for the different options.To solve eq. (10) and
computeautoionizationpropertiesfrom eqs.(7) and(8), we needthe following input:
• The set of discreteCSF and their couplings.This is supplied from the (name).cfile in the normal

format [1].
• The c1 coefficients in eq. (3) (or (4)). This is suppliedfrom different files, dependingon the typeof

calculation(seetable 2).
• The wave functionsfor all “discrete”orbitals,which aresuppliedfrom the <name).w file.
• The list of continuumCSFand their couplingshouldbe addedat the end of the <name>.cfile. The

target can be representedby a linear combination of CSF (according to eq. (6)), but only one
continuumorbital is allowed.

• The a. coefficients in eq. (6) should be added at the endof the <name).cfile, in the normal cfile
format [1].

• The energyof the discretestate(EBOUND, denotedby E0 in section2) is readfrom the <name).c,
<name).lor <name).j file, accordingto table2.

• The energyof the target (ECORE)is suppliedfrom the terminal or the <name).cfile accordingto
table2.

• Angular part of the interaction elements,H,~,,in eqs. (7) or (8), can be obtained from the
MCHF_NONH program[9] andstoredin the INT.LST file. Only the last NCFG-ID rows of the total
energymatrix is needed,whichis a possibleoption in running the MCHF - NONH program.

4. Program organization

The structureof the MCHF ...AUTO programis depictedin figs. 2 and3. Routinesin thick line boxes
andwith bold style namesare new, while the othershavebeendescribedearlier [12,14].Here we will
describethe new routinesin the order in which theyarecalled.

AUTO
The main programinitializes dataarrays,handlesthe input/output interfaceandselectsthe typeof

calculation(accordingto table2). It calls ADATA andCALCAUTO.

ADATA
This routine readsand interpretsthe <name>.cfile, determinesdataabout the continuumelectron

andsetsorthogonalityconstraints.Finally it initializes dataarrays,by calling WAVEFN andANTGRL.

CALCAUTO
This routinedeterminesrMX, accordingto eq.(23) and table 1. Dependingon the valueof ICASE it

continuesaccordingto:
ICASE = 1: The headercardof the <name>.cfile containsthe energyof the discretestate,EBOUND.

If ID ~ 0 the useris promptedto give the targetenergy(ECORE).After that CALCAUTO calls ASCF,
to perform onecalculationaccordingto eq. (7). Before that it checksthe (5-factorsin this equationby
calling LSTERM. If ID = 0, the value of ICASE is changedto 4 and only a continuumHartree—Fock
calculation is performed — the user is prompted to give the energy of the continuum electron
(EBOUND-ECORE in other calculations), and ASCF is called.

ICASE = 2: In this casethe weights,c- are takenfrom the <name).l file and the processdescribed
aboveis performedfor all statesin this file.
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AUTO

INITA ADATA I CALCAUTO]

INITR

EPTR 1 EIJSET WAVEFN

ANTGRL

LSTERM EIJSET j ASCF

I I I _________

COULOM CSOLVE AGB.ANGE ABATE

I AORTHO CSOLVE

POTL 1 AORTHO ASUMMRY

UPDATE

Fig. 2. Block diagramfor the MCHF. AUTO program.

ICASE= 3: In this casewe solve eq. (8), andweights are readin from <name>.j.A loop over the
procedurefor ICASE = 1 is doneover all statesfor a given J-valueandover J-values.

LSTERM
Determinesthe LS term valuefrom the configurationdata.

CSOLVE

I CXCH I I CNMRV RCWFN

Fig. 3. Block diagram for the CSOLVEroutine.
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ASCF
This routine controlsthe solution of the differential eq.(10). It consistsof four main stages:

• It calls COULOM to calculatethe direct function anddefine the asymptoticregion.
• It obtainsinitial estimatesof the continuumfunction by calling CSOLVEand AORTHO.
• It iteratesto solve eq. (10), andduring each iterationit calls AGRANGE to calculatethe off-diagonal

LagrangeMultipiers, ~ktnl’ CSOLVEto solvethe equation,AORTHO, to orthogonalizethe solution
andUPDATE, to updatethe integrals.

• It calculatesautoionizationpropertiesby calling ARATE and summarizesthe calculationby calling
AOUTPUT andASUMMRY.

COULOM
This routine calculatesand storesthe function fkl(r) of eq. (27) and it determinesrNJ and TMP

accordingto eqs.(22) and(24). Finally it interpolatesfkt(r) to half thestepsizein the regionoutsiderNJ.

CSOLVE
This routine is calledin two differentstages.To initialize thecontinuumfunction (IX = 0) andduring

the actual iterativeprocedure(IX = 1). It will performthe following tasks:
• ComputesexchangeFunction,by calling CXCH.
• If IX = 0 it redefinesthe outerregion,accordingto eq. (25). If IX = 1 it useseq. (26).
• It interpolatesXGI in the outerregion,[TN,, TM], to half the grid size.
• It calls CNMRV, to solve the differential equation.
• It finds the Fkl(r) and Gkl(r) of eq. (13), in TMJ and TMJ1, by calling RCWFN.
• It calculatesthe phaseshift from eq. (15) where Pkl(r) is the unnormalizedsolution obtainedfrom

CNMRV. Thenormalisationconstantis obtainedfrom eq. (16) andthe normalizedsolution from eq.
(17).

• Finally it orthogonalizethe continuumfunction to all discretefunctionswith the samei-value.

ARE4TE
This routine evaluatesthe H1~,matrix elements,andcalculatesthe interactionelement,accordingto

eqs.(7) or (8). From this the half-line width, autoionizationrate and half-life are calculated,usingeqs.
(18)—(20).

CNMRV
This routine solves the differential equation(10), with outwardsintegration(Numerovsmethod), in

two different regions:[r0, rNJ + 1] is the inner regionwith normalstepsize,and [TNJ + 2’ TM] is the outer
with “halt” the stepsize.CNMRV is a modified versionof NMRV [12].

RCWFN
This is a routine for computingregularandirregularCoulombwavefunctions[11].It returnsthevalue

of theseandtheir derivativesfor specificvaluesof Zeff andradialcoordinatesandfor a rangeof /-values
(seeeq. (21)).The conventionsof AbramowitzandStegun[15]areused.Thissubroutineis an adaptation
of the “Manchester” routine by Barnettet a! [16].The presentversion of this routinewas written by
Pieper[17].

ANTGRL, AORThO,AGRANGE,AOUTPUT, ASUMMRY andCXCH arejust modified versions
of the correspondingroutinesin the MCHF program[12] (Namely INTGRL, ORTHOG, GRANGE,
OUTPUT, SUMMRY andXCH).
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5. Examples

The output in the Test Run Outputcontainstwo examples.The first illustrates LS-allowedautoion-
ization from one single state,while the secondillustratescalculationsfor a set of states,including
spin-forbiddendecay.

Example1 is asimplecalculationfor the Feschbachresonance1s2p22D of Li I. After runningMCHF,
we store the radial functions for the discretestate in the li2D.w file. The li2D.c file consistsof the
CFG.OUT from MCHF with the 1s2kd~2D continuumstateaddedwith weight 1.0 at the end. The
headerof this file containsthe energyof thediscretestate(E

0 = — 5.2239685au).The next stepis to run
NONH to getthe angularpart of the interactionelement(the li2D.c file is copiedto cfg.inp). Only the
last row of the interactionmatrix is needed(which gives the interactionbetweenthe continuumis

2kd 2D
and the discrete CSF’s, not the interactionwithin the discretestate).This is accomplishedby giving
NEW = 1 and NZERO=0.

After this, we arereadyto startthe actual autoionisationcalculation.After the nameof the caseis
specified,the programenquiresaboutthe typeof calculation(accordingto t~b1e2). In thisexample,we
choosethe first type, and the programpromptsus for the target energy. We usethe result from a
Hartree—Fockcalculationof the is2 1S stateof Li~(E~re= 7.2364152au). Finally, we are askedto
definethe case,by giving the ion name,term andnuclearcharge,Z.

The iterationscan be monitoredfrom the terminalsincethe programprints a numberof important
data.First it gives the energyof the continuumelectron,~k2, in atomicunits. During eachiterationthe
phaseshift, 8, of eq. (15), thecoefficient lim,.

0P(r)/r’~~, the normalisationconstant,C, of eq. (16) and
the maximum changein the solutionare displayedunder the headingED/DELTA, AZ, NORM and
DPM, respectively.A well convergedsolutionshouldgive NORM 1 anda smallDPM.

A summaryof the result is written to the AUTO.DAT file, which is shownin the TestRun Output.
The autoionisationdata given are derivedby using eqs. (18)—(20). Approximatetransformationcoeffi-
cientsare usedfor all properties,exceptthe interactionelement,V, andthe half-line width in atomic
units.They are, togetherwith the onegiven in eq. (19), 27.21 eV/auand219474cm—

1/au.This implies
that only the two first propertiesshould be used,as suppliedby the program,for calculationsthat
requiresa higher accuracy.The CPU time for this AUTO calculationwas 1.1 seconds.

The secondexample is built on case2 for the MCHF — CI program[13], the lowest core excited
configuration in sodium, 2p53s3p.The naquart.cfile contains90 configurationsthat representsthe
discretestates.The energies(E

0) andcomposition(c1 of eq. (4)) of the nine with dominant2p
53s3p

componentis savedin naquart.j.The correspondingradial functionsaresavedin naquart.w.We now
start by adding the 2p6kd

1
2D continuumstate,with weight 1.0, at the end of naquart.c.The target

energy,E~re= — 161.6769459au, takenfrom a Hartree—Fockcalculationof 2p6 is, is also addedto the
headerof naquart.c.With NONH we calculatethe angularpart of the interactionmatrix elements,H

1,,
beforewe proceedto the AUTO run.After giving the nameof the case,AUTO inquiresaboutthe type
of calculation, in this casethe third. Thecalculationsareperformedfor eachdiscretestatein naquart.j
andthe final resultsaredisplayedin the form of the AUTO.DAT file at theendof the TestRunOutput.
The CPU time for the AUTO part of the secondtestcasewas29.1 seconds.
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